WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




Document FP93 
Appl. No. 10/573,066 



PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) Internationa] Patent Classification 6 : 

C07D 491/20, 489/08, A61K 31/485 // 
(C07D 491/20, 307:00, 221:00, 209:00) 



Al 



(11) International Publication Number: WO 96723793 

(43) International Publication Date: 8 August 1996 (08.08.96) 



(21) International Application Number: PCT/US9670 1171 

(22) International Filing Date: 26 January 1996 (26.01.96) 



(30) Priority Data: 

08/380,091 



30 January 1995 (30.01.95) 



US 



(71) Applicant: REGENTS OF THE UNIVERSITY OF MIN- 

NESOTA IUS/USJ; 100 Church Street S.E., Morrill Hall, 
Minneapolis, MN 55455 (US). 

(72) Inventors: PORTOGHESE, Philip, S.; 17 Oriole Lane, St. 

Paul, MN 55127 (US). FAROUZ-GRANT, Francine, S.; 
3735 Sacramento Street, San Francisco, CA 941 18 (US). 

(74) Agent: VIKSNINS, Ann, S.; Schwegman, Lundberg, Woessner 
& Kluth, 3500 IDS Center, 80 South Eighth Street, P.O. Box 
2938, Minneapolis, MN 55402 (US). 



(81) Designated States: AL, AM, AT, AU, AZ. BB, BG, BR, BY, 
CA, CH, CN, CZ, DE, DK, EE, ES, FI, GB, GE, HU, IS, 
JP, KE, KG. KP, KR, KZ, LK, LR, LS. LT, LU, LV, MD, 
MG, MK, MN, MW. MX, NO, NZ, PL, PT. RO, RU, SD, 
SE, SG, SI, SK, TJ, TM, TR, TT, UA, UG, UZ, VN, ARIPO 
patent (KE, LS, MW, SD, SZ, UG), Eurasian patent (AZ, 
BY, KG, KZ, RU, TJ, TM), European patent (AT, BE, CH. 
DE, DK, ES, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), 
OAPI patent (BF. BJ, CF, CG. CI. CM, GA. GN. ML. MR. 
NE, SN, TD. TG). 



Published 

With international search report. 



(54) Title: DELTA OPIOID RECEPTOR ANTAGONISTS 




(D 



o 



(57) Abstract 

Compounds are provided of formula (1), wherein R 1 is (Ci-Cs)alkyl, C3-C6(cycloalkyl)alkyl, C5-OKcycIoalkenyl)alkyl, (C6-Ci2)aryl, 
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DELTA OPIOID RECEPTOR ANTAGONISTS 

5 Background of the Invention 

Endogenous opioid peptides are involved in the mediation or 
modulation of a variety of mammalian physiological processes, many of 
which are mimicked by opiates or other non-endogenous opioid ligands. 
Endogenous opioid peptides and opiates mediate their pharmacologic effects 

10 via interaction with opioid receptors both in the central nervous system (CNS) 
and peripheral nervous systems. See J. H. Jaffa et al., Opioid Analgesics and 
Antagonists, in The Pharma cological Basis of Therap eutics A. G. Gilman et 
al., eds.. Perganon Press, NY (1990) at pages 485-521. The principal target 
tissues in the central nervous system are the brain and the spinal cord. The 

15 major sites in the peripheral nervous system are the gastrointestinal tract, 
lymphocytes, and a variety of other tissues. The constipating action and 
inhibitory modulation of the immune response by morphine are examples. 

D. R. Brown et al., NeWttpharmaCQL 24. 181 (1986) employed 
quaternized opiates as pharmacologic tools in an attempt to isolate peripheral 

20 from central effects. However, these compounds exhibited considerably lower 
affinity for opioid receptors than their tertiary amine precursors. In an attempt 
to circumvent this problem, P-naltrexone and p-oxymorphamine incorporating 
hydrophilic groups attached to the C-6 position of the morphinan system were 
synthesized by S. Botros et al., J. Med. Chem. _ 22, 2068 (1989). Botros et al. 

25 reported that such compounds, particularly opiates with zwitterionic moieties, 
exhibited substantially reduced access to the CNS without substantially 
decreasing receptor activity. 

The fact that the effects of endogenous and exogenous opioids 
are mediated by at least three different types [my (n), delta (5), kappa (k)] of 

30 opioid receptors raises the possibility that highly selective exogenous opioid 
agonist or antagonist ligands might have therapeutic applications. See W.R. 
Martin. Pharmacol. Rev , T 283 (1983). Thus, if a ligand acts at a single 
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opioid receptor type or subtype, the potential side effects mediated through 
other opioid receptor types may be minimized or eliminated. 

Some progress has been made in the development of highly 
selective opioid antagonists. For example, Portoghese et al. (U.S. Patent No. 
5 4,816,586) disclose certain opiate analogs which possess high selectivity and 
potency at dfiUa receptors. Minimal involvement was observed at mu and 
kappa opioid receptors. One of the highly selective analogs disclosed in U.S. 
Patent No. 4,816,586 has been named "naltrindole" or "NTI," and has the 
formula: 

10 




(NTI) 



wherein X is NH. See P.S. Portoghese et al., J. Med Chem £1, 281 (1988). 
Naltrindole has also recently been reported to have potent immunosuppressive 
activity. See. for example, K. Arakawa et al., Transp lantation 52, 951 
20 (1992). 

Therefore, a continuing need exists for compounds which are 
opioid receptor-selective, i.e., which can act as agonists or antagonists with 
specificity at the dfilia, mu or kappa opioid receptor, or at one of the subtypes 
of these receptors. 



Summary of the Invention 

The present invention is directed to biologically active 
compounds of formula (I): 
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N-R l 



5 



R 5 0 




,-NH-R 



(I) 



wherein R 1 is (C r C 5 )alkyl, C 3 -C 6 (cycloalkyl)alkyl, C 5 -C 7 (cycloalkenyl)alkyI, 
(C 6 -C l2 )aryl, (C 6 -C 12 )aralkyl, tra^(C 4 -C 5 )alkenyl. allyl or furan-2-ylalkyl, R 2 is 

10 H, OH or 0 2 C(C r C 5 )alkyl; R 3 is H, (C 6 -C l0 )aralkyl, (C r C 5 )alkyl or (C r 
C 5 )alkylCO; X is O, S or NY, wherein Y is H ? benzyl or (C r C 5 )aIkyl; R is 
CH(Z)C0 2 Y wherein Z is H, CH 2 C0 2 Y, or (CH 2 ) n N(R 4 )(R 5 ) wherein n is 1-5, 
preferably 3-4, and R 4 and R 5 are individually H, (C r C 4 )alkyl, phenyl 
(C=NH)NH 2 , benzyloxycarbonyl or (C=NH)NHNO ? : preferably one or both of 

15 R" 5 and R 5 are H; and the pharmaceutical ly acceptable salts thereof. 



standards, it was found that the compounds of the invention are selective 
antagonists at delta opioid receptors, and that some are specific for the 8, or 
5 2 subset o f delta opioid receptors. All of the compounds preferably exhibit 

20 little or no binding at delta or my receptors. Furthermore, compounds of the 
formula I were found to exhibit poor penetration into the central nervous 
system in in vivo animal models, while maintaining substantial peripheral 
effects. Thus, the present invention also provides a method for blocking delta 
opioid receptors in mammalian tissue or cells comprising said receptors, by 

25 contacting and complexing said receptors in vivo or in vitro with an effective 
amount of a compound of formula I, preferably in combination with a 
pharmaceutical ly acceptable vehicle. Thus, the compounds of formula 1 can 
he used as pharmacological and biochemical probes of opiate receptor 
structure and function, e.g., to measure the selectivity of other known or 

30 suspected opioid receptor antagonists or agonists at delta receptors. 

Procedures for such selectivity evaluations are disclosed hereinbelow. and in 
U.S. Pat. No. 4.816,586. Such tissue preferably includes tissue of the gut. the 



Using peptide antagonists of known binding selectivity as 
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cardiovascular system, the lung, the kidney, reproductive tract tissue and the 
like. Circulating cells comprising delta opioid receptors include lymphocytes, 
and dfiila receptor agonists and antagonists, have also been implicated in 
immunoregulatory responses related to T cell function, such as 
5 immunosuppression. 

Therefore, the compounds of formula 1 which exhibit delta 
receptor antagonist activity may also be therapeutically useful in conditions 
where selective blockage of della receptors of non-CNS tissue or cells, is 
desired. Such conditions can include aspects of immunoregulation associated 

10 with pathological stimulation of the immune system, as in autoimmune 

disorders, and in immunosuppression associated with certain viral infections, 
or as induced during organ transplantation, as well as a variety of other 
physiological activities that may be mediated through delta receptors. See, for 
example, Portoghese et al. U.S. Pat. No. 08/149,039 filed November 8, 1993, 

15 and references cited therein. Also, certain of the compounds of formula I are 
useful as intermediates for the formation of other bioactive compounds within 
the scope of formula I. These include benzyl esters of carboxylic acids and 
nitrated or benzyloxycarbonyl-protected amines that are a part of R. 

The alkyl moiety present in the R 1 group which links the 

20 cycloalkyl, cycloalkenyl, aryl, or furan-2-yl moiety to the basic nitrogen atom 
in the compounds of formula I is a Iower(alkyl) group, preferably -(CH 3 ) n -, 
wherein n is about 1-5. most preferably n is 1, e.g., R 1 is C 3 - 
C 6 (cycloalkyl)methyl, C 5 -C 7 (cycloalkenyl)methyl, arylmethyl or furan-2-yl- 
methyl. Preferred aryl moieties include (C 6 -C l0 )aryl, i.e., phenyl, benzyl, 

25 tolyl. napthyl, anisyl and the like. 

In structure I, a bond designated by a wedged or darkened line 
indicates one extending above the plane of the R j 0-substituted phenyl ring. A 
bond designated by a broken line indicates one extending below the plane of 
the phenyl ring. 

30 Preferred compounds of the formula 1 are those wherein R 1 is 

(C,-C 5 )alkyK C 3 -C 6 (cycloalkyl)alkyl or C 5 -C 7 (cycloalkyl)methyl, and most 
preferably wherein R 1 is cyclopropylmethyl. R 2 is preferably OH or OAc 
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(0 2 CCH 3 ), and R 3 preferably is H. Preferably, X is NR NHBz or NCH 3 , 
most preferably NH. Preferably, R is CH(Z)C0 2 H and Z is H, (CH 2 ) 3 . 4 NHR 4 
wherein R 4 is H or (C=NH)NH 2 . 

The ability of morphinan derivatives to cross the "blood-brain 
5 barrier" and to affect the central nervous system (CNS) is often far superior to 
that of peptide opioid antagonists. For example, as disclosed in U.S. patent 
application Serial No. 07/750,109, filed August 26, 1991, both NTI and its 
benzofuran analog, NTB were found to produce unexpectedly prolonged 
suppression of ethanol drinking in rats that were selectively bred for high 

10 voluntary ethanol drinking, as compared to peptidyl dfilla-opioid receptor 
antagonists. However, while the present compounds are also morphinan 
derivatives, the R group would be expected to be highly ionized, (in the ionic 
or zwitterionic form) at physiological pHs encountered in the mammalian gut. 
Thus, as discussed below, the access of these compounds to delta receptors in 

15 the CNS is restricted over previously known morphinans, including other NTI 
derivatives. 

Processes of preparing the compounds of formula I are also 
aspects of the invention, as described hereinbelow, as are the novel 
intermediates employed in the syntheses, including compound 7, and its salts 
20 and esters. 



Brief Description of the Drawings 

Figure 1 is a schematic depiction of the synthesis of certain 
compounds of formula 1. 

25 

Detailed Description of the Invention 

Preparation of the compounds of formula I, which are formally 
N-substituted 7-aminocarbonyl derivatives of NTI and its analogs, can be 
accomplished through amidation of a 7'-carboxyl group. Thus, as shown in 
30 Figure 1 . the key intermediate employed in the synthesis of target compounds 
2-6 was 7-carboxynaltrindole (7). Compound 7 was obtained via the Fischer 
indole synthesis which involved refluxing equivalent amounts of naltrexone 
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and 2-hydrazinobenzoic acid in glacial acetic acid. See. B. Robinson, Ihg 
Fischer Indole Synthesis, Wiley-Interscience, NY (1982). The nmr spectrum 
of 7 possessed the characteristic downfield absorption of H-5 due to 
deshielding by the indole moiety. The coupling of 7 with suitably protected 
5 amino acids using the Bop reagent, afforded the corresponding intermediates 
8a-e. Catalytic hydrogenation of these intermediates gave target compounds 
2-6. 

Compounds of formula I wherein X is O, S or NY can be 
prepared from intermediates analogous to 2 or £ wherein NH has been 
10 replaced by O, S or NY. 

The structures, common names and Merck Index reference 
numbers of representative 4,5-epoxy-6-ketomorphinan starting materials III, 
which can be used in place of naltrexone in the reaction scheme of Figure 1 , 
are summarized in Table I. below. 
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Table I 



5 




10 



20 





E: 


El 


Common 
Name 


Merck 

No. 2 


CH 2 CH(CH 2 ) 2 


OH 


H 


naltrexone 


6209 


CH 3 


OH 


H 


oxymorphone 


6837 


CH 3 


H 


H 


hydromorphone 


4714 


CH 3 


H 


CH 3 


hydrocodone 


4687 


CH 2 CH(CH 2 ) 2 


H 


H 




i 


CH 2 CH=CH 2 


OH 


H 


naloxone 


6208 


CH 3 


OH 


CH- 


oxycodone 


6827 



Preparation: M. Gates et aL J. Med. Cherts 7. 127 (1964). 

The Merck Index. W. Windholz. ed.. Merck & Co.. .Rahwav. NJ (10th 

ed. 1983). 



Other starting materials of the general formula III can be 
prepared by synthetic methods which are well known in the art of organic 
chemistry. For example, compounds wherein R 1 is H and R 3 is a suitable 
protecting group, and wherein the 6-keto group has also been protected, can 
be prepared from the compounds of formula III. These intermediates can be 
N-alkylated and deprotected to yield compounds of formula I wherein R' is 
C 2 -C 5 (alkyl), C 4 -C 6 (cycloalkyl)alkyl. C<-C 7 (cycloalken> l)alkyl. aryh aralkyl. 
trans-C 4 -C 5 alkenyl or furan-2-ylalkyl. by the application of well-known 
reactions. 



2D 



30 
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For example, the free hydroxyl groups of the compounds of 
formula III, e.g., R 2 =OH and/or R 3 =H, can be protected by acid-labile groups 
such as tetrahydropyranlyl, trimethylsilyl, 1 -methoxy-isopropyl and the like as 
disclosed in Compendium of Organic Synthetic Methods. IT. Harrison et al., 
5 eds., Wiley-Interscience, New York, NY (1971) at pages 124-131, (hereinafter 
"Compendium"). The protection of the 6-keto group of compounds or a 
thioketal group is disclosed in Compendium , at pages 449-453. Methods for 
the demethylation of N-methyl amines have been disclosed, for example, in 
Compendium at page 247, J. Amer. Chem. Soc . S2, 1942 (1967) and L 

1 0 Amer. Chem. Soc, 22, 4079 ( 1 955). 

Procedures for the alkylation of secondary amines with alkyl or 
aryl halides under basic or neutral conditions are well known. For example, 
see Compendium at pages 242-245; Org. Synth. . 42, 45 (1963); J. Org. 
Ch£OL, 22, 3639 (1962) and J. Amer. Chem. Soc . £2, 6163 (1960). 

15 Compounds of formula III wherein R 2 is acyloxy and/or R 3 is 

acyl can be prepared by using the corresponding starting materials on Table I. 
For example, naltrexone can be diacylated by reacting it with the appropriate 
(C,-C 5 )alkyl anhydride for 10-18 hrs at 18-25°C. The resultant 3,14- 
diacylated compound can be converted to the 14-acylated compound by 

20 limited hydrolysis. The 3-acylated starting materials can be prepared by the 
short-term reaction of the compounds of Table I with the anhydride, e.g., for 
about 2-4 hours. The 3-acylated product can be separated from the 3,14- 
diacylated product by chromatography. 

The acid salts of compounds of formula I wherein R 3 =H, can 

25 be converted into the corresponding (C,-C 5 )alkoxy derivatives [R 3 =(C,- 

C 5 )alkyl] by dissolving the starting material in DMF and adding an excess of 
the appropriate (C,-C 5 )alkyl iodide and an amine such as 
diisopropylethylamine. The reaction can be conducted at an elevated 
temperature for about 4-10 hours. The final product can be purified by 

30 column chromatography. 

The invention also comprises the pharmaceutical^ acceptable 
salts of the biologically active compounds of formula 1 together with a 
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pharmaceutical^ acceptable carrier for administration in effective, non-toxic 
dose form. Pharmaceutical^ acceptable amine salts may be salts of organic 
acids, such as acetic, citric, lactic, malic, tartaric, p-toluene sulfonic acid, 
methane sulfonic acid, and the like as well as salts of pharmaceutical^ 
5 acceptable mineral acids such as phosphoric, hydrochloric or sulfuric acid, and 
the like. Physiologically acceptable carboxylic acid salts include alkali metal 
carboxylates and quaternatery ammonium salts. These physiologically 
acceptable salts are prepared by methods known in the art, e.g., by dissolving 
the free amine bases with an excess of the acid in aqueous alcohol, or 

10 neutralizing a free carboxylic acid with an alkali metal base such as a 
hydroxide: or with an amine. 

In the clinical practice of the present method, the compounds of 
the present invention will normally be administered orally or parenterally, as 
by injection or infusion, in the form of a pharmaceutical unit dosage form 

15 comprising the active ingredient in combination with a pharmaceutical^ 
acceptable carrier, which may be solid, semi-solid or liquid diluent or an 
ingestible capsule or tablet. The compound or its salt may also be used 
without carrier material. As examples of pharmaceutical carriers may be 
mentioned tablets, intravenous solutions, suspensions, controlled-release 

20 devices such as patches or implants, microcapsules, liposomes and the like. 
Usually, the active substance will comprise between about 0.05 and 99%. or 
between 0.1 and 95% by weight of the resulting pharmaceutical unit dosage 
form, for example, between about 0.5 and 20% of preparation intended for 
injection or infusion and between 0.1 and 50% of preparation, such as tablets 

25 or capsules, intended for oral administration. 

The invention will be further described by reference to the 
following detailed examples, wherein melting points were taken using a 
Thomas-Hoover Melting Point apparatus in open capillary tubes, and are 
uncorrected. Elemental analyses were performed by M-H-W Laboratories, 

30 Phoenix. Arizona, and are within ±0.4% of the theoretical values. IR spectra 
were obtained on a Perkin-Elmer 281 infrared spectrometer and peak positions 
are expressed in cm* 1 . NMR spectra were recorded at ambient temperature on 
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GE-300 MHz and Bruker AC-200 MHz, and chemical shifts are reported as 8 
values (ppm) relative to TMS. Mass spectra were obtained on a VG 7070E- 
HF instrument. All TLC data were determined with E. Merck Art, 5554 DC- 
Alufolien Kieselgel 60 F 254 . Column chromatography was carried out on E. 
5 Merck silica gel 60 (230-400) mesh). The eluents used during column 

chromatography and reverse phase preparative HPLC, CHCl r MeOH-NH 4 OH 
and MeOH-H 2 0-CH 3 CN, are denoted by CMA and MWA respectively. 
Dimethylformamide was distilled over calcium hydride. All other solvents 
and reagents were used without any further purifications unless specified. 
1 0 Naltrexone hydrochloride was supplied by Mallinckrodt. 

Example L 

T'-Carboxy-n^cyclopropylmethyO^J-dehydro-S^H-dihydroxy^^a- 
epoxy^T^'^V-indoIomorphinan hydrochloride (7). Naltrexone 

15 hydrochloride (2.0 g, 5.3 mmol) and 2-hydrazinobenzoic acid (1.2 eq, 1.1 g) 
were dissolved in glacial acetic acid (75 mL). The reaction was refluxed for 
6 hrs. The solvent was evaporated under reduced pressure and the residue 
dissolved in a minimum amount of MeOH. The crude product was purified 
on column chromatography (silica gel) with CMA 95:5:0.5. Upon evaporation 

20 of solvents under reduced pressure, the product was isolated as a solid which 
was recrystallized from methanol/ether. to afford 1.2 g of 7 (56%) : mp > 
230°C; l H NMR (300 MHz, DMSO-d 6 ), 5 10.95 (d, 1H, COOH), 9.03 (s, 1H. 
PhOH), 7.75 (d, 1H, J = 7.50 Hz, Ph), 7.61 (d, 1H, J = 7.50 Hz, Ph), 7.04 (t, 
1H, J = 7.20 Hz, Ph), 6.45 (m, 2H, Ph), 5.63 (s, 1H, H 5 ), 3.15 (m, 3H, H„ 

25 H l0 ), 2.90-2.60 (m, 8H, H 8 H I8 H l6 H, 5 ). 1.62 (m, 1H, H„), 0.58 (m, 1H, H„). 
0.51 (m, 2H, Hjo, H 21 ), 0.42 (m, 2H, H, 0 . H 31 ); ,3 C NMR (50 MHz, DMSO-d 6 ) 
8 168.35, 143.11. 140.12, 131.04, 130.23. 127.70, 124.70, 123.53, 123.14, 
118.57. 118.22. 117.28, 109.80, 83.39, 72.23. 61.40, 57.92, 46.78. 44.30. 
29.97, 28.74, 23.10. 7.82, 4.41, 3.12: IR (KBr pellet) 3200, 1677 cm"'; HRMS 

30 (FAB) 459 (M+H*), calcd. 459.1919, obsvd 459.191 1; Anal. 
(C„H, 6 O s N,«H,OHCl) C, H, N. 
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Example 2. 

T'-Carboxamidoglycine-lT^cyclopropylmethylHJ-dehydro-S,^- 
dihydroxy^Sa-epoxy^J^'^Mndolomorphinan benzyl ester (8a). 
Carboxylic acid 7 (365 mg, 0.7 mmol) was dissolved in a mixture of 
5 DMF/CH 2 C1 2 (40 mL) (1:1), in the presence of Et 3 N (5.0 eq, 483 nL). 
benzotriazol-l-yloxytris(dimethylamino) phosphonium hexafluorophosphate 
(Bop reagent, Aldrich) (1.5 eq, 460 mg), and benzyl glycinate p- 
toluenesulfonate salt, (1.0 eq, 257 mg). The reaction mixture was extracted 
with ethyl acetate and the organic layer was washed with saturated NaHC0 3 , 

10 10% citric acid, and brine. The organic layer was dried over MgS0 4 and the 
solvent removed in vacuo. The crude product was eluted on a silica gel 
column with CMA (98:2:0.5) and purified further on preparative TLC (silica 
gel, 1 mm) with CMA (98:2:0.5). The desired product was isolated as an oil 
(150 mg, 36%) which was crystallized from chloroform/hexanes: mp: 118- 

15 121°C; 'H NMR (300 MHz, CDC1 3 ) 5 10.16 (s, 1H, PhOH), 7.52 (d, 1H. J = 
7.50 Hz, Ph), 7.37 (m, 4H, Ph), 6.94 (d, 1H, H = 7.20 Hz, Ph), 6.89 (m, 1H), 
6.64 (d, 1H, J = 8.40 Hz, H 2 ), 6.55 (d, 1H, J = 8.50 Hz, H,), 5.64 (s. 1H, H 5 ), 
5.24 (s. 2H, COOBn), 4.29 (d, 2H, J = 4.80 Hz, CH 2 NH), 3.37 (d, 1H, J = 
6.00 Hz, H 9 ). 3.10 (d, 1H, J = 18.30 Hz, H I0 ), 2.83-2.59 (m, 6H, H 16 H I8 H lt1 

20 NH), 2.45-2.29 (m, 3H. H 15 H g ), 1.80 (d, 1H, H = 1 1.10 Hz, H„), 0.87 (m, 
1H, H 19 ), 0.55 (m, 2H, H 2 „ H M ), 0.16 (m, 2H, H 20 , H 2) ); n C NMR (75 MHz, 
CDC1 3 ) 5 171.43, 168.78, 163.45, 143.99, 140.22, 136.65, 135.89, 131.37, 
130.92, 129.28, 129.25, 129.14, 129.11, 129.04, 128.57, 125.28, 123.65, 
121.08. 119.48, 118.62, 118.12, 115.41, 111.35, 85.55, 73.49, 67.91, 62.89, 

25 60.09, 48.66, 44.34, 42.18, 37.43, 37.19. 32.06, 29.32, 23.83, 10.09, 4.78. 
4.42: HRMS (FAB) 606 (M+H*), calcd 606.2604, obsvd 606.2625: Anal. 
(C 36 H 3? 0 6 N 3 ), C, N, N. 

Example 3, 

30 7 , -Carboxamido-L-aspartate-17-(CyclopropyImethyl)-6J-dehydro-3,14- 
dihydroxy^^a-epoxy^ JtZ^'-indolomorphinan dibenzylester (8b). 
Carboxylic acid 7 (426 mg, 0.9 mmol) was dissolved in a mixture of 
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DMF/CH 2 CL 2 (40 mL) (1:1), in the presence of Et 3 N (6.0 eq, 720 uL), Bop 
reagent (1.5 eq, 571 mg), and dibenzyl aspartate p-toluenesulfonate salt. The 
workup and purification were carried out as described for compound 8a. The 
desired product was isolated in 30% yield (187 mg, 0.2 mmol) and 
5 crystallized from chloroform/hexanes: mp: 1 15-1 18°C; 'H NMR (300 MHz, 
CDClj) 5 10.06 (s, 1H, OH), 7.59 (d, 1H, J = 7.50 Hz, Ph), 7.32 (m, 7H, Ph), 
7.13 (d, 1 1H, J = 7.50 Hz, Ph), 6.85 (d, 1H, J = 7.20 Hz. Ph). 6.76 (d, 1H, J 
= 8.40 Hz, H 2 ), 6.65 (d, 1H, J = 8.50 Hz, H,), 6.13 (m, 1H, NH). 5.77 (s. 1H, 
H 5 ), 5.21 (m, 2H, CH 2 Ph), 5.13 (m, 2H. CH 2 Ph), 5.09 (m, 1H. CHN). 3.38 (d, 

10 2H, J = 4.80 Hz, CH 2 COOBn), 3.26 (d, 1H. J = 5.10 Hz, H 9 ). 3.21 (d, 1H. J = 
19.50 Hz, H 10 ), 2.89-2.71 (m, 3H), 2.57-2.33 (m, 5H), 1.84 (d. 1H, J = 9.90 
Hz, H l5 ), 0.87 (m, 1H. H 19 ), 0.55 (m, 2H, H 20 , H 2) ), 0.17 (m, 2H, H 20 , H 2I ); 
,J C NMR (75 MHz, CDC1 3 ) 8 172.66, 172.26, 168.02, 143.81, 139.59, 136.34, 
135.94, 135.58, 131.30, 129.30, 129.25, 129.11, 128.09. 128.02, 123.47, 

15 121.48, 119.70. 118.09. 118.04, 117.85. 115.28, 115.25. 111.89,86.31,73.55, 
68.61, 67.85, 62.84. 60.11, 49.83, 48.83. 44.37, 37.33, 32.44, 29.33. 23.83, 
10.05, 4.78, 4.41; HRMS (FAB) M+H*). calcd 754.3128. obsvd 754.3138. 

Example 4. 

20 7*-(Carboxamido-[N(5)-carbobenzyloxyJ-L-ornithinate)-17- 

(cyclopropylmethyl)-6,7-dehydro-3 ) 14-dihydroxy-4,5a-epoxy-6,7^ f 3'- 
indolomorpbinan benzyl ester (8c). Carboxylic acid 7 (426 mg, 0.8 mmol) 
was dissolved in a mixture of DMF/CH 2 C1 2 1:1 (30 mL). at room temperature, 
in the presence of Bop reagent (1.5 eq, 536 mg), Et 3 N (5.0 eq, 564 uL) and 

25 benzyl N(6)-Cbz-L-ornithinate trifluoroacetate salt (380 mg, 0.8 mmol). The 
reaction mixture was stirred overnight. The workup and purification were 
carried out as described for compound 8a. The desired product was isolated 
as an oil 56% yield (362 mg): 'H NMR (300 MHz. CDCI 3 ) 8 10.09 (broad s. 
1H. PhOH). 7.51 (d, 1H. J = 8.70 Hz, Ph). 7.35 (m, 10H). 7.10 (d, 1H, J = 

30 8.30 Hz. Ph). 6.88 (m. 1H. Ph), 6.61 (d, 1H, H = 8.40 Hz, H 2 ), 6.54 (d, 1H. J 
= 8.40 Hz. H,), 5.57 (s. 1H, H 5 ), 5.20 (m, 2H, COOBn). 5.06 (m, 2H, Cbz), 
4.90 (m. 1H, CHCOOBn), 3.34 (d, 1H. J = 6.30 Hz, H,). 3.13 (m, 3H, H )0 - 
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CH 2 NHCbz), 2.81-2.57 (m, 3H, H, 0 , H l6 ). 2.45-2.32 (m, 4H, H 8 . H„), 1.76 (m. 
6H, CH,'s H l3 ), 0.90 (m, 1H, H 19 ), 0.57 (m, 2H, H 20 . H 21 ), 0.17 (m. 2H, H 20 , 
H 2I ); ,3 C NMR (75 MHz, CDC1 3 ) 8 172.56, 167.91, 156,87, 143.24, 139.55, 
136.18, 139.55, 136.68, 136.18, 135.32, 130.67, 130.40, 128.64, 128.45, 
5 128.30, 128.15, 127.98, 124.67, 123.29, 120.58, 118.84, 118.04, 117.50, 
115.12, 110.99, 84.73, 72.81, 67.28, 66.60, 62.32, 59.47, 52.41, 48.06. 43.70, 
40.48, 31.51. 29.52, 28.70, 26.21, 22.46, 9.47, 4.12, 3.81; NRMS (FAB) 797 
(M+H~), calcd 797.3550, obsvd 797.3547; IR (neat) 3300. 1719, 1703, 1613 
cm 1 ; Anal. (C 47 H 48 O g N 4 ) C, H, N. 

10 

Example 5. 

7*-(Carboxamido-N(£o,to')nitro-L-argininate) 17-(cyclopropylmethyl)-6,7- 
dehydro-3.14-dihydroxy-4,5a-epoxy-6,7,2\3'-indolomorphinan benzyl ester 
hydrochloride (8d). Carboxylic acid 7 (350 mg, 0.7 mmol) was dissolved in 

15 CH 2 C1 2 /DMF (1:1) (50 mL), with Bop reagent (1.5 eq. 440 mg), Et 3 N (5.0 eq, 
463 mL). and benzyl N(a)-amino-N(<o,(o')-nitro-L-arginate trifluoroacetate salt 
(1.1 eq. 309 mg). The workup and purification steps were similar to those 
described for compound 8a. The desired product was isolated as a solid in 
7% yield (33 mg); mp > 240°C; 'H NMR (300 MHz. CDC1 3 ) 8 10.01 (broad 

20 s, 1H. PhOH). 8.80 (broad s, 1H, OH), 7.63 (m, 1H. Ph), 7.47 (m. 6H. Ph), 
7.05 (m. 1H, H,'), 6.68 (d, 1H. J = 7.50 Hz. H 2 ). 6.55 (d. 1H, J i 7.50 Hz. 
H,), 5.67 (s. 1H. H 5 ), 5.18 (broad m, 2H. COOBn). 5.04 (m, 1H. CHCOOBn), 
3.34 (d. 1H. J = 6.30 Hz, H 9 ), 3.19 (m, 3H. H l0 -CH 2 NH). 2.88-2.60 (m, 5H), 
2.45-2.32 (m. 4H), 1.81 (m, 6H, CH 2 's H l5 ), 0.89 (m, 1H, H l9 ), 0.58 (m, 2H, 

25 H 2I , H 20 ). 0.17 (m, 2H, H 20 H 2I ); l3 C NMR (75 MHz. CDC1 3 ) 8 169.14, 
167.04. 143.78, 140.22. 131.16. 129.07. 128.95, 128.80. 128.75. 125.10, 
123.69. 121.59, 119.38, 118.83. 117.67. 111.05, 84.97. 73.58, 67.75, 62.71, 
125.39. 123.18, 121.87. 119.37, 118.96, 117.99, 117.91. 111.17. 84.78. 80.25. 
73.32. 62.61. 59.69, 50.46, 48.35, 44.41. 42.36. 32.26. 29.74, 28.79, 23.71, 

30 22.57. 10.32. 4.99, 4.52; HMRS (FAB) 573 (M+) cation, calcd 573.2713, 
obsvd 573.271 1; Anal. (C 3: H 37 0 6 N 4 'HC1) C, H. H: Calcd H. 6.08. Found H. 
6.59. 
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Example 6. 

7yCarboxamido-|N(e)-Carbobenzyloxy)-L-lysinate) 17- 
(cyclopropylmcthyl)-6,7-dehydro-3,14-dihydroxy-4,5a-epoxy-6,7,2 , 3'- 
indolomorpbinan benzyl ester (8e). Carboxylic acid 7 (385 mg, 0.93 mmol) 
5 was dissolved in a mixture of DMF/CHXIj (40 mL ( 1 : 1 ) (50 mL), in the 
presence of Et 3 N (5.0 eq, 509 uL), Bop reagent (1.5 eq, 484 mg), and benzyl 
N(e)-Cbz-L-lysinate trifluoroacetate salt (1.0 eq, 353 mg). The reaction was 
stirred overnight at room temperature. The workup and purification procedure 
was similar to that described for compound 8a. The desired product was 

10 isolated as an oil in 30% yield (170 mg); 'H NMR (300 MHz. CDC1 3 ) 6 

10.12 (s. PhOH), 7.54 (d, 1H, J = 8.70 Hz, Ph), 7.43 (d, 1H, J = 7.20 Hz, Ph). 
7.33 (m, 7H, Ph), 7.00 (m, 2H, Ph), 6.60 (d, 2H, J = 8.00 Hz. H,), 6.53 (d, 
2H. J = 8.00 Hz, H,), 5.56 (s. 1H, H } ). 5.23 (m, 2H, COOBn). 5.04 (s, 2H, 
Cbz). 4.92 (m, 1H, CHCOOBn), 3.32 (d, 1H, J = 6.20 Hz, H 9 ), 3.09 (m, 3H, 

15 H l0 , CH,NHCbz), 2.90-2.60 (bm, 3H, H 10 , H 16 ), 2.50-2.30 (bm. 5H, H 16 , H„, 
H 10 , H lg ), 1.85 (bm, 3H, H 8 CH 2 ), 1.40 (bm, 6H, HI, CH,'s). 0.90 (m. 1H, 
H„), 0.58 (m. 2H, H, 0 H 2I ). 0.17 (m, 2H. H M H 2) ); n C NMR (75 MHz. 
CDCI 3 ) 5 172.67, 167.83, 156.88, 143.24. 139.52, 136.62, 136.38, 135.57, 
130.64. 130.54, 128.65. 128.45, 128.35, 127.99, 124.69. 123.32, 120.42, 

20 1 1 8.80, 1 1 8. 1 3, 1 1 7.40. 1 1 5.32, 1 1 0.95. 84.75, 72.75, 67.24. 66.62. 62.33. 
59.48. 52.42, 43.71, 40.41. 31.89, 31.45. 29.25, 28.73. 23.14. 22.45, 9.46. 
4.10. 3.81; HRMS (FAB) 811 (M+H*). calcd 811.3706, obsvd 811.3716; 1R 
(neat) 3200, 1743. 1721, 1637 cm"'. 

25 Example 7. 

7'-(Carboxamidoglycine)-17-(cycIopropylinethyl)-6,7-dehydro-3,14- 
dihydroxy-4,5a-epoxy-6,7^'3'-indolomorphinan hydrochloride (2). 
Intermediate 8a (100 mg, 0.16 mmol) was dissolved in methanol (10 mL) in 
the presence of a catalytic amount (10%) of Pd-on-carbon and 2N HCI (1.5 
30 eq. 12 uL). The hydrogenation reaction was run at atmospheric pressure for I 
hr. The mixture was filtered over celite and the celite washed several times 
with MeOH and the mixture was concentrated under reduced pressure. Slow 
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addition of EtOAc concentrate led to the precipitation of a solid which was 
purified by HPLC using a C, 8 reverse phase column (silica gel) with MWA 
40:30:30 plus a few drops of NH 4 OH (Rt 50 mn). The crude product was 
purified by reverse phase HPLC (MWA 6:3:1), and the desired hydrochloride 
5 salt (Rt 1 1.87 mn) was isolated in 75% yield (68 mg): mp > 240°C; CLTDMF 
(1:1) (50 mL), with Bop reagent (1.5 eq, 440 mg), Et 3 N (5.0 eq, 463 mL). and 
benzyl N(a)-amino-N((o,a>')-nitro-L-arginate trifluoroacetate salt (1.1 eq, 309 
mg). The workup and purification steps were similar to those described for 
compound 8a. The desired product was isolated as a solid in 7% yield (33 

10 mg); mp > 240°C; 'H NMR (300 MHz, methanol-d 4 ) 8 10.76 (bs, 1H), 7.61 
(m, 2H, H 6 \ H 4 '), 7.06 (t, 1H, J = 7.35 Hz, H 5 '), 6.64 (m, 2H, H, H 2 ), 5.75 (s, 
1H, H 5 ), 4.15 (d, 2H, J = 6.20 Hz, CH 2 N), 3.47-3.27 (m. 2H, H 9 H 10 ), 3.18- 
2.86 (m, 4H, H 18 , H l0 , H g ), 2.77-2.67 (m, 2H, H 8 , H l5 ), 1.94 (bd, 1H, J = 
13.50 Hz. H 15 ), 1.14 (m, 1H, H„), 0.78 (m, 2H, H 20 , H„). 0.52 (m, 2H, H 20 , 

15 H 21 ); ,3 C NMR (75 MHz, methanol-d 4 ) 8 171.57, 169.58. 141.39, 130.79, 
128.54, 123.23, 123.11, 123.00. 121.78, 121.75, 119.89. 118.89, 118.76, 
109.01. 84.08, 72.80, 62.82, 58.01, 51.78, 41.32, 41.21, 29.43, 28.99, 24.22. 
6.04. 5.44, 2.48; HRMS (FAB) 516 (M+H*), calcd 516.2134, obsvd 516.2134; 
Anal. (C 29 H 30 0 6 N 3 -HC1) C, H, N. 

20 

Example 8. 

7'-(Carboxamido-L-aspartate)-17-(cyclopropylmethyl)-6,7-dehydro-3,14- 
dihydroxy-4,5a-epoxy-6,7^'^'-indolomorphinan hydrochloride (3). 
Intermediate 8b (180 mg, 0.2 mmol) was dissolved in methanol (15 mL) in 

25 the presence of a catalytic amount (10%) of Pd-on-carbon and 6N HC1 (2.0 
eq. 0.5 uL). The hydrogenation and purification procedures are as described 
for compound 2. The crude product was purified by reverse phase HPLC 
(MWA 3:6:1). and the diacid (Rt 9.50 mn) was isolated in 90% yield (130 
mg, 0.2 mmol): mp > 210°C (dec); 'H NMR (300 MHz, DMSOO 8 1 1.04 

30 (s. 1H. PhOH). 9.04 (broad s. 1H, OH). 8.38 (d, 1H, J = 7.20 Hz. NH), 7.58 
(d, 1H. J = 7.50 Hz, Ph), 7.53 (d, 1H, J = 7.50 Hz, Ph), 7.00 (t. 1H. J = 7.50 
Hz, Ph). 6.48 (s, 2H, H, H,), 5.63 (s, 1H, H 5 ), 4.06 (m, 1H, CHCOOH), 3.45 



WO 96/23793 PCT/US96/01 171 

16 

(m, 1, H 9 ), 3.29 (d, 2H, J = 3.60 Hz, CH 2 COOH), 3.23-3.1 1 (m, 3H), 3.04- 
2.61 (m, 5H), 1.93 (d, 1H, J = 1 1.10 Hz, H 15 ), 1.18 (m, 1H, H 19 ), 0.72 (m, 
2H, H M , H 21 ), 0.50 (m, 2H, H 20 , H 2I ); U C NMR (75 MHz, DMSO-d 6 ) 8 
174.63, 173.68, 167.07, 144.16, 141.09, 136.21, 132.16, 128.70, 123.19, 
5 121.89, 119.62, 119.12. 118.30, 118.01, 110.03, 104.55, 104.13, 84.54, 73.28, 
64.05, 62.47, 59.09, 50.01, 47.93, 45.50, 29.80, 24.02, 5.42, 4.23, 1.21; 
HRMS (FAB) 574 (M+H + ), calcd 574.2189, obsvd 574.2191; Anal. 
(C 31 H 32 0 8 N 3 .HCI) C, H, N. 

10 Example 9. 

7'-(Carboxamido L-ornithine)-17-(cyclopropylmethyl)-6,7-dehydro-3,14- 
dihydroxy-4,5a-epoxy-6,7^'3'-indolomorphinan hydrochloride (4). 

Intermediate 8c (233 mg, 0.3 mmol) was dissolved in MeOH (20 mL) with 
IN HC1 (3 drops, 1.0 eq) and a catalytic amount of 10% Pd-on-carbon. The 

15 hydrogenation and purification were similar to those described for 2. The 
product was isolated in 85% yield (155 mg): mp > 240°C; 'H NMR (300 
MHz. DMSO-d 6 ) 8 10.92 (s. PhOH), 8.70 (d. 1H, J = 7.20 Hz, Ph), 7.67 
(broad s, 1H, Ph), 7.61 (d, 1H, , J = 7.20 Hz, Ph), 7.50 (d, 1H, J = 7.50 Hz, 
Ph), 6.98 (t, 1H, J = 7.50 Hz, Ph), 6.45 (s, 2H, NH), 5.60 (s, 1H, H 5 ), 4.36 

20 (m, 1H, CHCOOH), 3.20-3.00 (m, 4H, H„ H l0 CH 2 NH 2 ). 2.90-2.40 (m, 8H. 
H 8 , H 10 , H 18 . H I6 , H 1S ), 1.90-1.70 (m, 5H, H l5 CH 2 's), 0.85 (m, 1H, H„), 0.46 
(m, 2H, H 20 , H 3I ), 0.12 (m, 2H, H 2I , H 20 ); IJ C NMR (75 MHz, methanol-d 4 ) 8 
171.16, 167.70. 144.13. 140.82, 136.30, 132.16, 132.05. 128.69. 6.70 (d, 1H, J 
= 7.50 Hz, H 2 ). (d, 1H, J = 7.50 Hz, H,), 5.63 (s, 1H, H ? ), 4.33 (m, 1H, 

25 CHCOOH), 3.35-3.12 (m, 4H, H, H 10 CH 2 NH), 2.80-2.62 (m, 5H, H l0 , H Ig , 
H l6 ), 2.45-2.32 (m, 3H, H 8 , H (5 ), 1.81-1.60 (m, 5H, H l5 CH 2 's), 0.85 (m, 1H, 
H„), 0.46 (m, 2H, H 20 . H 2I ), 0.12 (m, 2H, H 2 „ H 20 ); IR (KBr) 3200, 1735, 
1644 cm '; HRMS (FAB) 617 (M+), calcd 617.3087, obsvd 617.3087; Anal. 
(C 33 H„0 6 N 6 'HC1) C. H, N. 



30 
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Example 10. 

7'-(Carboxamido-L-arginine)-17-(cyclopropylmethyl)-6,7-dehydro-3,14- 
dihydroxy-4,5a-epoxy-6,7^*,3'-indolomorphinan hydrochloride (5). 
Intermediate 8d (33 mg, 0.04 mmol) was dissolved in MeOH (5 mL), with a 
5 catalytic amount (10%) of Pd on carbon, and HC1 (3.0 eq, 100 uL). The 
hydrogenation and purification steps were as described for compound 2. The 
desired compound was isolated in 90% yield (20 mg); mp > 250°C (dec); 'H 
NMR (300 MHz, DMSO-d 6 ) 5 10.05 (bs. 1H, PhOH), 7.38 (m, 3H, Ph), 
59.88, 44.26, 41.08, 32.00, 29.09, 23.52, 9.74, 4.39, 3.89; IR (KBr) 3500, 
10 1735, 1637 cm 1 ; HRMS (FAB) 750 (M+H*), calcd 750.3251. obsvd 750.3242. 

Example 11. 

7'-(N(a)-Carboxaraido-L-lysine)-17-(cyclopropylmethyl)-6,7-dehydro-3,14- 
dihydroxy-4,5a-epoxy-6,7^'3'-indolomorphinan hydrochloride (6). 

15 Intermediate 8e (170 mg, 0.2 mmol) was dissolved in MeOH (20 mL) in the 
presence of a catalytic amount (10%) of Pd-on-carbon and IN HC1 (3.0 eq, 
600 mL). The hydrogenation and purification were as described for 
compound 2. The desired hydrochloride salt was isolated in 65% yield (82 
mg); mp > 270°C (dec); 'H NMR (300 MHz, methanol-d 4 ) 8 7.64 (d, 1H, J = 

20 7.50 Hz. Ph), 7.57 (d, 1H, J = 7.50 Hz, Ph), 7.05 (t, 1H. J = 7.50 Hz, Ph), 
.6.61 (broad s. 2H, Ph), 5.73 (s. 1H, H 5 ), 4.16 (d, 1H, J = 4.80 Hz, CHCOOH), 
3.32-3.15 (m. 4H, H„ H l0 CH 2 ), 3.04-2.97 (m, 3H, H l0 H l8 H 16 ), 2.87-2.67 (m, 
4H, H l8 H 16 H„). 1.96 (m, 4H, H 15 CH 2 ), 1.71 (m, 2H. CH 2 ), 1.51 (m, 2H, 
CH 2 ). 0.90 (m. 1H, H„), 0.85 (m, 2H, H 2I , H 20 ), 0.51 (m, 2H, H 20 , H 2I ); ,3 C 

25 NMR (75 MHz, methanol-d 4 ) 6 174.95, 168.23, 144.20, 141.66, 136.41, 
131.92. 130.29. 128.70, 123.45, 122.77, 122.55, 120.04, 119.09, 118.88, 
117.39. 109.49. 84.03. 73.21. 62.08, 60.87, 57.85. 53.59, 47.07, 39.44, 31.01, 
29.82. 29.33. 27.62. 24.70, 24.02, 6.86. 6.31. 3.65; HRMS (FAB) 587 (M+). 
calcd 587.2869, obsvd 587.2857; IR (KBr) 3300, 1728, 1637 cm 1 ; Anal. 

30 (CjjH^AJVHCl) C, H. N. 
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Example 12, 
Pharmacological Results 

A. Smooth Muscle Preparations 

All target compounds were tested on the electrically stimulated 
5 guinea pig ileal longitudinal muscle (GPI) and mouse vas deferens (MVD) 
preparations as described previously by H.P. Rang, J. Pharmacol. Chemother. . 
22, 356 (1965) and G. Henderson et al., Brit J. Pharmacol 4£, 746 (1972), 
respectively, as reported in P.S. Portoghese et al., Life Sci. . 2& 801 (1986). 
Antagonists were incubated with the preparations for 1 5 min prior to testing. 

10 Morphine (M), ethylketazocine (EK), and [D-Ala 2 ,D-Leu 5 ]enkephalin 17 
(DADLE) were employed as \x-, k-, and 5-selective agonists, respectively. 
Morphine and EK were employed in the GPI, and DADLE was used in the 
MVD. The antagonist potencies mediated through 6 opioid receptors were 
expressed as Ke values which were calculated from the equation, Ke = 

15 [antagonist]/(IC 50 ratio - 1), where the IC 50 ratio represents the IC 50 of the 
agonist in the presence of the antagonist divided by the control IC 50 of the 
agonist in the same preparation. 

As demonstrated by the data summarized on Table 2, 
compounds 2-6 were potent and selective 8 opioid antagonists with Ke values 

20 ranging from 1-5 nM. None were more potent than NTI at S receptors, but 
the 5-selectivities were equivalent to or higher than that of NTI. In contrast 
to the results reported by Dappen et al. in U.S. Pat. No. 5.354,863 and 
5,225,417 for carboxy-substituted derivatives of NTI, the precursor 7 exhibited 
5 antagonist potency approaching that of NTI. Thus, compound 7 and the use 

25 fa compound of formula I wherein the NHR group is replaced by OH, to 
antagonize the activity of delta opioid receptor agonists are also within the 
scope of the invention. 
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Table 2. Antagonist Potencies of 7'-Substituted Amino Acid 
Conjugates of Naltrindole in the MVD and GPI Preparations 



Compel' 


DADLE(8) b 


M(n)< 


EK (k) c 




Selectivity 
Ratio 




ic J0 

ratio 


(nM) d 


ic 50 

ratio 


ic 50 

ratio 




6/k 


1 (NTI)' 


459±104 


0.2 


11.2±1.8 


1.3±0.2 


41 


353 


2 


32±8 


3.2 


1 5±0 1 


l i+n ? 

1 . 1 +\J.Z. 


4. 1 


JU 


3 


89±20 


1.1 


1.3±0.5 


2.1±0.6 


67 


43 


4 


58±15 


1.8 


3.0±1 


0.9±0.0 


20 


63 


5 


31±5 


3.3 


1.3±0.6 


1.2±0.5 


24 


27 


6 


20±4 


5.2 


1.0±0.4 


1.1 ±0.0 


20 


20 


7 


25±7 f 


0.4 


2.0±0.3 


1.0±0.2 


122 s 


231 e 



a The concentration of antagonist was 100 nM unless otherwise specified. b [D- 
Ala 2 J)-Leu 5 ]enkephalin in the MVD preparation. c Morphine (M) or 

15 ethylketazocine (EK) in the GPI preparation. d Derived from the Schild 
relationship (Schild, H.O. Pharmacol Rev., 2, 242 (1957)) and calculated 
from an average of at least three IC 50 ratio determinations by using K e = 
[antagonist]/(IC 50 ratio - 1). c Data from V.L. Korlipara et al., J. Med. Chem. . 
12, 1882 (1994). f The concentration of 7 in the MVD experiment was 10 nM. 

20 g A calculated IC 50 ratio (238) based on 100 nM of 7 was employed to 
calculate the selectivity ratio. 

B. Receptor Affinity 

The opioid receptor affinities of the target compounds were 
25 determined on guinea pig membranes employing a modification of the method 
of Werling et al., J, Pharmacol, Exp. Ther„ 232. 722 (1986). Binding to k, h, 
and putative "5," and "8 2 " sites was evaluated by competition with 
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[ 3 H)U69593, [ 3 H][D-Ala 2 ,MePhe 4 ,GIy.ol 6 ]enkephalin ([ 3 HDAMGO), [ 3 H][D- 
Pen 2 -D-Pen 5 ]enkephalin (( 3 H]DPDPE), and [ 3 H][D-Ser-Leu 5 ]enkephalin-Thr 6 
([ 3 H]DSLET), respectively. As shown by the data on Table 3, each of 
compounds 2-6 and the 7'-carboxy starting material 7 possessed high affinity 
5 for 8 sites. The glycinate 2 nad precursor 7 possessed 2 and 6 times greater 
affinity for 8, sites than NTI, while other members (3-6) of the series had 5- 
10 fold less affinity than that of NTI. 

All of the compounds were also highly selective, with Ki ratios 
substantially greater than that of NTI. It is noteworthy that the glycinate 

10 conjugate 2 possessed the highest selectivity ratios, with values of |i/8, and 
k/8, in excess of 30,000. Interestingly, the glycine and ornithine conjugates 
(2 and 4) competed more effectively with [ 3 H]DSLET than with [ 3 H]DPDPE 
for 8 sites by a factor of 8-10. The aspartate and lysine derivatives (3 and 6) 
exhibited a modest preference for [ 3 H]DPDPE sites. However as discussed 

1 5 below, there is no clear correlation between binding and a specific 
pharmacologic antagonist potency in vitro or in vivo. 
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C, In Vivo Studies 

Two of the more selective antagonist ligands (2, 3) and NTI (1) 
were evaluated in male Swiss- Webster mice using the tail-flick assay 
according to the methodology of F.C. Tulunay et al., J. Pharmacol F*p 
5 IheL, 12Q, 395 (1974). Mice were pretreated with the antagonist by the i.c.v. 
or i.v. route so that the peak antagonist activity coincided with the peak 
antinociceptive response of the selective agonists. The nonpeptide and k 
agonists, morphine and /rawj-(±)-3,4-dichloro-A-methyl-//-[2-(l- 
pyrrolidinyl)cyclohexyl]benzeneacetamide (U50488), were administered s.c. 
10 (von Voigklander, J. Pharmacol. Exp: Then . 224, 7 (1983)): the peptide 
agonists (DPDPE and DSLET) were injected i.c.v. 

As shown by the data presented in Table 4. when administered 
either i.v. or i.c.v., the glycine conjugate 2 effectively antagonized the 
antinociceptive effect of the 5, agonist, DPDPE. No significant antagonism of 
15 DSLET (8 2 ), morphine or U50488 (k) was observed. Similarly, the 
aspartate conjugate 3 selectively antagonized DPDPE. 
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The doses required to produce equivalent antagonism i.c.v. and 
i.v. are listed in Table 5. These doses were determined by calculating the 
dose of antagonist required to double the ED 50 dose of DPDPE. The i.vAc.v. 
dose ratios of 2 and 3 were 15- and 7-times greater than that of NTL 

5 

Table 5. Dose Required to Produce an Equivalent 
Antagonist of DPDPE-induced Antinociception' 

Compound i.c.v. i.v. Ratio (i.v./i.c.v.) 

10 1 0.3 nmol/kg 2.19 ^imol/kg 7.300 

2 4.7 pmol/kg 0.53 nmol/kg 1 12.766 

3 12.5 pmol/kg 0.62 jxmol/kg 49,600 

a Dose required to double the ED 50 of DPDPE (antagonist dose/ED 50 ratio - 1). 
15 



D. Discussion 

The present invention provides polar 6-selective antagonists 
20 that are less accessible to the CNS after peripheral administration. Therefore, 
these compounds can provide useful tools to resolve the central from the 
peripheral effects mediated by 5 opioid receptors. 

The conjugates 2-6 and their precursor 7 were found to be 
potent 5 opioid receptor antagonists in the mouse vas deferens preparation and 
25 they displayed little, if any, antagonism toward ji- and 6-selective agonists in 
the guinea pig ileum. In fact, the 8/\x and 6/k IC 50 selectivity ratios of these 
ligands were equal to or greater than that of NTI. 

Binding studies revealed that the Ki values of these antagonists 
were in the sub-nanomolar range for 6 receptors. It is noteworthy that some 
30 of the conjugates (2, 4) appeared to have greater affinity for 8 2 relative to 8, 
putative binding sites, while others (3. 6) exhibited a modest preference for 5, 
over 6 2 sites. The fact that these binding selectivity ratios do not correlate 
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with the in vivo 8,/8 2 selectivity ratios of 2 and 3. as discussed below, 
suggests that the binding data may be of limited value to predict 
pharmacologic potency of antagonists in these studies. 

The glycinate 2 and aspartate 3 conjugates were evaluated for 
5 their effectiveness as antinociceptive agents in mice by peripheral (i.v.) and 
central (i.c.v.) routes of administration. Both 2 and 3 were 8, selective in that 
they antagonized the 6, agonist, DPDPE, but not the S 2 agonist, DSLET. It is 
not entirely clear why the binding selectivity of 2 and 3 differ from their 
pharmacologic selectivity, but one possibility is that accessibility to the 6, 

10 subtype in vivo might be favored by the presence of hydrophilic groups in 
these compounds. Thus, it is conceivable that the greater water solubility of 
the conjugates might facilitate access to tissue compartments in the CNS that 
contain 5, sites or prevent access to compartments that contain 8 2 sites. An 
alternate possibility is that identical 8 receptors are located in different tissue 

15 compartments whose accessibility is governed by the polarity of the 

antagonist. Significantly, the in vivo 8 2 -selective antagonists, naltriben (NTB) 
and benzylnaltrindole, are considerably more lipophilic than 2 or 3. See Q. 
Jiang et al., J. Pharmacol. Exp. . 252, 1069 (1991) and V.L. Korlipara et al., I 
Med, Chem,, 31 1882 (1994). 

20 As shown on Table 4, the i.vAc.v. dose ratios of 2 and 3 to 

produce equivalent antagonism of DPDPE-induced antinociception were very . 
high (> 49.000) and, as expected, greater than that determined for NTI. This 
ratio was 15- and 7-fold greater than that of NTI for 2 and 3. respectively, 
which indicates that NTI penetrates the CNS more readily than the conjugates. 

25 It was surprising that the aspartate 3 has a lower i.vAc.v. dose ratio than the 
glycinate 2 in view of the greater polarity of the aspartate relative to the 
glycinate residue. 

In summary, amino acid conjugates 2 and 3 are highly potent 8 
opioid antagonists when administered centrally, and many orders of magnitude 

30 less potent when delivered by the peripheral route. The in vivo 8, selectivity 
of 2 and 3 may be a function of the greater hydrophilic character imparted to 
the ligands by the amino acid residue. If, for example, this promotes greater 
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accessibility of the ligand to the 8, receptor subtype in neural tissues, it may 
suggest a new approach to the design of in vivo pharmacologically selective 
antagonist ligands for 5 opioid receptor subtypes localized in the CNS. If the 
origin of the pharmacologic selectivity of NTI analogs for central 8 opioid 
5 receptor subtypes is in part related to selective access to tissue compartments 
rather than to binding selectivity, this would explain the lack of correlation 
between in vivo pharmacologic selectivity and binding selectivity. For this 
reason, the subtype selectivity of compounds such as 2 and 3 for antagonism 
of antinociception may not be the same for 6 receptors at peripheral sites. 
1 0 The invention has been described with reference to various 

specific and preferred embodiments and techniques. However, it should be 
understood that many variations and modifications may be made while 
remaining within the spirit and scope of the invention. 
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WHAT IS CLAIMED IS; 




wherein R' is (C r C,)alkyl. C 3 -C 6 (cycIoalkyl)alkyl, C 5 - 
C,(cycloalkenyl)alkyl, (C 6 -C 12 )aryl, (C 6 -C l2 )aralkyl. trans(C 4 -C 5 )alkenyk 
allyl or furan-2-ylaikyk R 2 is H, OH or 0 2 C(C,-C 5 )alkyl; R 3 is H, (C 6 - 
C 10 )aralkyL (C,-C 5 )alkyl or (C r C,)aIkylCO; X is O, S or NY. wherein 
15 Y is R benzyl or (C,-C } )alkyl; R is CH(Z)C0 2 Y. wherein Z is H, 

CH 2 C0 2 Y or (CH 2 ) n N(R 4 )(R 5 ), wherein n is 1-5 and R 4 and R 5 are 
individually H, (C.-CJalkyl, phenyl, (C=NH)NH 2 . benzyloxycarbonyl 
or (C=NHN0 2 ): and the pharmaceutically acceptable salts thereof. 

20 2. The compound of claim 1 wherein R 1 is Cj-C 6 (cycloalkyl)-C,-C, 
(alkyl). 

3. The compound of claim 2 wherein R 1 is C 3 -C 6 (cycloalkyl)-methyl. 

25 4. The compound of claim 3 wherein R 1 is cyclopropylmethyl. 

5. The compound of claim 1 wherein R- is OH or OAc. 

6. The compound of claim 5 wherein R 3 is H. 

30 

7. The compound of claim 1 wherein X is NH. N(benzyl) or NCH 5 . 
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8. The compound of claim 1 wherein Y is H. 

9. The compound of claim 8 wherein R 4 and R 5 are H. 

5 10. The compound of claim 9 wherein R 4 is H and R 5 is (C=NH)NH.. 

11. The compound of claim 10 wherein n is 3-4. 

12. A compound of the formula: 



10 



OH 




15 



wherein Y is H. CH 3 or benzyl: R is CH(Z)C0 2 Y. wherein Z is H. 
CH 3 C0 3 Y or (CH 2 ) M NHR J . wherein R J is H or (C=NH)NH,: and the 
20 pharmaceuticals acceptable salts thereof. 

13. The compound of claim 12 wherein Y is H. 

14. The compound of claim 12 wherein R J is H. 

25 

15. The compound of claim 14 wherein R 4 is (C=NH)NH,. 

16. The compound of claim 12 wherein Z is CH ; CO,H. 

30 1 7. 7'-(Carboxamidoglycine)- 1 7-(cyclopropylmethyl)-6.7-dehydro-3. 1 4- 
dihydroxy-4,5a-epoxy-6.7.2'.3'-indolomorphinan. 
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1 8. 7'-(Carboxamido-L-aspartate)-l 7-(cyclopropylmethyl)-6,7-dehydro- 
3 ? 1 4-dihydroxy-4,5a-epoxy-6 ,7,2 ' ,3 '-indolomorphinan. 

1 9. 7'-(Carboxamido L-ornithine)-l 7-(cyciopropylmethyl)-6J-dehydro- 

5 3,l4.dihydroxy-4,5a-epoxy-6,7,2',3 / -indolomorphinan hydrochloride. 

20. 7'-(Carboxamido-L-arginine)-l 7-(cyclopropylmethyl)-6,7-dehydro- 
S.M-dihydroxy^Ja-epoxy^J^'^'-indolomorphinan hydrochloride. 

10 21. 7^0sI(a)-Carboxamido-L-lysine)-17-(cyclopropylmethyl)-6,7-dehydro- 
3.14-dihydroxy-4.5a-epoxy-6,7,2\3'-indolomorphinan hydrochloride. 

22. A method of antagonizing the action of a delta -opioid agonist at a 
iklla opioid receptor comprising contacting a mammalian tissue or 
15 mammalian cell, wherein said tissue or cell incorporates ddla-opioid 

receptors, with an amount of a compound of claim 1 effective to bind 
to said dfilla-opioid receptors. 



23. The method of claim 22 wherein the tissue is gastrointestinal tissue. 

20 

24. The method of claim 22 wherein the cells are T-lymphocytes. 

25. The method of claim 22 wherein the ddla opioid receptors are 8, 
receptors. 
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